Abstract: It is accepted that the electromagnetic interference should be addressed with statistical analysis. Usually the impact of electromagnetic interference on different electronic samples is evaluated and the average immunity level is used as a reference. However, this method does not provide enough information to know the probability of failure to the electromagnetic interferences of an electronic circuit. An alternative statistical analysis based on the Weibull distribution is presented. The typical and proposed methods have been compared in order to analyse the electromagnetic immunity performance of two types of operational amplifier. The results confirm the feasibility of the proposed method.
Introduction
It is accepted that electromagnetic interference (EMI) problem should be addressed as a statistical process [1] . In order to evaluate the EMI performance different samples are measured and the average and dispersion are analysed between different devices or before and after to introduce EMI improvements. However, this methodology does not provide enough information about the differences or improvement of EMI in terms of probability of failure. Therefore, in some cases, this methodology can be confused to quantify the real EMI performance. In this work, we propose an alternative methodology based on the Weibull distribution to quantify the immunity to EMI of electronic circuits in terms of the probability of failure.
Although the methodology can be used in both analogue and digital circuits, the methodology has been applied in order to compare the EMI immunity of analogue circuits. In particular, the EMI behaviour of two types of operational amplifier (opamp) has been compared. In these devices, the EMI applied to the opamp input stage gives rise to an error in the output voltage due to the nonlinearly behaviour [2] , as a consequence, several proposals have been recently published in order to improve the immunity [3, 4] .
Experimental
The EMI performances of two types of operational amplifiers have been compared with the typical [5] and the proposed method. The Type A opamp consists of an ultra-precision operational amplifier and the Type B corresponds to a wide bandwidth JFET input opamp. A follower topology has been selected in both cases, as a worst EMI case [6] . A RF interference has been injected by means of a RF signal generator connected to a directional coupler in order to measure the actual level of power injected. The interference consists of an AM modulated signal with a 2.4 GHz carrier, a 10 kHz modulated frequency and a modulation index of 50%. The injected RF power has been swept and increased until the failure criterion is reached. The nonlinearity of the amplifier transistors causes an AM demodulation of RF signals [5] . Therefore, the modulated frequency appears in the frequency band of the operational amplifier (Fig. 1) and the failure criterion is fixed by the power level of this modulating frequency. In this experiment a failure criterion of À50 dBm at 10 kHz has been fixed. In order to develop the statistical analysis, 20 samples of each type have been characterized.
Typical method
The EMI amplitude has been swept and the voltage output amplitude at 10 kHz has been recorded for each sample. In Fig. 2 
Proposed method
In order to clarify which opamp type has better EMI performance for the failure criterion, we propose to use the Weibull distribution. The Weibull distribution is a well-known probability function widely used on reliability analysis [7] . In particular it is used in order to evaluate the lifetime of system and electronic devices. The Weibull cumulative distribution function corresponds to (1):
Where is the shape distribution parameter and is the scale parameter distribution. These parameters are obtained with a simple linear regression on a Weibull plot (Fig. 3) . The obtained parameters for both opamp types are summarized in Table I . Once the Weibull parameters have been obtained it is possible to determine the probability of failure from (1), where x denotes the EMI interference amplitude. In Fig. 4 the probability of failure of both type of opamp are shown with a failure criterion of À50 dBm at 10 kHz. Although no differences are observed with the typical method, after doing the proposal statistical analysis the Type A opamp clearly shows a better EMI performance. Specifically, at 226 mV interference amplitude the probability of failure is 3% and 82% for Type A and Type B, respectively. 
Conclusions
In this letter, an alternative method to quantify the electromagnetic immunity of electronic circuits has been introduced. The method is based on the Weibull distribution and its feasibility has been demonstrated by comparing the immunity of two types of operational amplifiers. The results confirm the proposal method as an interesting alternative to quantify the electromagnetic immunity of electronic circuits.
